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The first consideration in the treatment of facial paralysis must be the nature of the nerve lesion-degenerative or non-degenerative, or a mixed lesion with degeneration involving only some nerve fibres. Immediate assessment of denervation is not possible; we must wait for the qualitative and quantitative changes described by Erb, or for the onset of fibrillation as shown by electromyography, that is, ten to fourteen days may elapse before we can know that degeneration is inevitable. An earlier diagnosis of the onset of degeneration in some fibres may be more important in the facial nerve than in nerves of the limbs because of its peculiar situation in a rigid bony canal. It has been shown that the damaging effect of pressure on nerve is due to occlusion of the blood vessels (Denny-Brown and Brenner, 1944) . Ischemia interferes primarily with the myelin sheath and has at first little influence on the Schwann cells and axis cylinders. At this stage the changes are reversible-the so-called physiological block which can be followed by perfect recovery of function. If, however, pressure is continued vascular stasis occurs in neighbouring segments of the nerve causing cedema above and below the site of compression. This cedema and increasing obstruction in the blood vessels lead not only to interference with the progress of repair in the compressed segment but to complete degeneration involving axis cylinders and Schwann cells.
We need more exact tests in the early stages of paralysis if we are to discover whether these theoretical considerations are of clinical importance, i.e. do ischoemic lesions, however produced, commonly develop into degenerative ones? And if so would relief of pressure during the early stages of ischaemic block prevent the occurrence of degeneration? BELL'S PALSY More than one pathological process may produce spontaneous facial paralysis. Since cases tend to appear in groups or small epidemics and are sometimes associated with herpetic eruptions, not only of geniculate ganglion origin but with zoster involyement of other ganglia, it may be asked whether most cases are of virus origin. The occurrence in children of cases indistinguishable from Bell's palsy during epidemics of anterior poliomyelitis has been observed. The possibility of a nuclear origin of facial paralysis should be borne in mind by those inclined to recommend decompression of the nerve.
Hemorrhage in the fallopian canal in patients with hypertension, similar to conjunctival and retinal himorrhages, may be responsible for some cases of sudden peripheral facial paralysis. There is post-mortem and clinical evidence for this group (Merworth, 1942) . Few cases of Bell's palsy come to autopsy. Those reported suggest that there may be a neuritis and a poliomyelitis . This would explain the alterations in the cerebrospinal fluid that are sometimes found.
We cannot get any clear evidence of the morbid anatomy from the findings reported on decompression of the nerve. It has been variously stated that the nerve is swollen even up to two years after onset (Morris, 1938) or that there is a constriction at the stylomastoid foramen with swelling of the nerve immediately above it or if the paralysis had been present for more than six months that the nerve in the neighbourhood of the stylomastoid foramen is shrunken (Cawthorne, 1946) . Kettel (1947) , after operating on over 50 cases, believes that a lesion of the vasa nervorum is responsible-a primary ischimia that leads to secondary cedema of the nerve and necrosis of the neighbouring bone if the ischaemia is prolonged. I have never found swelling of the nerve; perhaps that is because I have never operated earlier than three months after onset. I have sometimes observed a normal nerve, sometimes fibrosis at the stylomastoid foramen or scar extending over the whole vertical course. Regeneration has occurred after decompression of an apparently normal nerve or after incision of scar tissue; in other cases with similar findings there has been little or no return of movement.
Diagnosis of the exact site of the lesion and of the state of the nerve should precede operation. ff the lesion is accessible, i.e. in the fallopian canal, will decompression help? 48 746 4.9
Section of Physical Medicine 747 Some would operate on every patient with a negative faradic response or if there is no sign of recovery within some arbitrary period such as six weeks. I think there are a number of fallacies here. If we are to take a negative faradic response as indicative of total degeneration then recovery must be by regeneration which is bound to take time and will in any case be associated with the defects of reinnervation, i.e. there will be synkinesia and wasting, and decompression will not eliminate these. The belief that decompression performed say eight to ten weeks after onset ofparalysis has been responsible for recovery of movement in a few days does not take account of the rate at which regeneration occurs. Such cases are probably ones of reversible ischemic block or of mixed character. Accurate electrical testing and electromyography should elucidate these. It is probable that ischemic block can persist for several weeks. If fibrillation action potentials are absent or few in number or if motor units are obtained on insertion of the needle, operation on the nerve is not justified. Since I have had the assistance of electromyography I have not seen any case of Bell's palsy that called for decompression.
Decompression or the insertion of a nerve graft cannot eliminate misdirection or branching of regenerated axons and thus prevent or abolish synkinesia. There are occasional cases that remain permanently paralysed. I am inclined to think that these patients with persisting paralysis should be treated by a combination of facial-hypoglossal anastomosis and plastic surgery. All cases as f shall show later should have physiotherapy from the onset.
FACIAL PARALYSIS SECONDARY TO TRAUMA AND DISEASE
When facial paralysis follows injury or disease in the temporal bone or in its course outside the stylomastoid foramen we must first diagnose the nature of the nerve lesion and if degenerative the possibility of spontaneous recovery. For prognosis in degenerative cases we cannot always obtain an immediate answer from physical medicine but there is often indirect evidence to indicate the need for early exploration. The nature of the causative disease may itself be an indication for operation-for example the occurrence of facial paralysis in the course of chronic suppurative otitis media calls for a radical mastoid operation. Here there is no need to expose the nerve unless the presence of cxdematous granulations and cholesteatoma has obliterated the normal landmarks. In such a case uncovering the nerve, beginning from below well away from the affected part, will relieve the pressure on the nerve in safety. The sheath ofthe nerve should not be opened; to do so may lead to intraneural fibrosis from spread of infection to the nerve tissue. I have known this happen in several cases and have found subsequently a segment of nerve so fibrosed that there was no possibility of axons entering the peripheral end and resection and grafting have been necessary. When facial paralysis follows injury such as a fractured skull, a gunshot wound or a mastoid or parotid operation we can often form an opinion on the improbability or impossibility of spontaneous regeneration by considering the history and nature of the injury (and in operative trauma the surgeon's report is of paramount importance). f need not pursue this aspect of the problem which may be purely an otological one but the time and mode of onset of the paralysis are important. Complete facial paralysis following immediately on trauma implies severe injury to the nerve, either division or compression which vill be followed by degeneration, the cause of which may persist and prevent regeneration. Evidence of the time of onset is, however, of value only if the presence or absence of paralysis has been looked for and noted in the records. Facial paralysis is sometimes missed in an unconscious patient with a bandaged head. This applies to patients with head injuries as well as after mastoid operations. I have on several occasions operated on patients whose facial paralysis was said to have first appeared the day after operation or even thirty-six hours later and have found complete separation of the ends of the nerve.
As far as these traumatic and otological groups are concerned regeneration can be brought about by direct operation on the nerve, either nerve grafting if there is actual section and separation of the cut ends or impassable scar, or by that type of neurolysis which in the temporal bone is called decompression, implying uncovering the nerve in its bony canal, with removal of adherent scar or fractured bony fragments. The possibility of successful reinnervation of the facial muscles by these means is now well established provided the central and peripheral ends are accessible. Regeneration is facilitated as in any nerve operation by an operative technique that minimizes formation of scar tissue (Collier, 1949) .
DEFECTS OF REINNERVATION
But successful regeneration of a motor nerve does not necessarily mean satisfactory recovery of movement. This applies particularly in the face where symmetry with the opposite side is so important. Regeneration is inevitably slow, and wasting and stretching of the muscles during denervation are responsible for persisting weakness. In addition diffuse 
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Section of Physical Medicine 749 distribution and misdirection or branching of regenerated axons produces that peripheral confusion we call synkinesia or mass movement. This occurs in varying degrees whether movement returns spontaneously or as a result of operation. The quality of the recovery after degeneration may also be marred by muscle spasms and by contractures. Since symmetry with the opposite side of the face requires a standard of recovery necessarily high we must consider the special character of the facial musculature and how far treatment can be expected to prevent or limit these disfigurements.
In the first place the facial muscles are particularly thin and delicate, they lie directly under the flexible and elastic skin and are inserted either into the skin or attached to the lips and eyelids. The beautiful coloured illustrations of our textbooks are misleading as they necessarily represent an idealized picture after removal of the skin. Unlike the skeletal muscles the facial muscles are not compact structures bound together by a clearly defined muscle fascia but lie in the subcutaneous tissue with the muscle bundles thinned out with no veil-like covering of superficial fascia as is found in other parts of the body. Ernst Huber of Johns Hopkins (1930) first drew attention to the importance of the absence of muscle fascia in enabling small parts to contract independently of the rest of the muscles and in varying combinations with parts of other muscle groups, thus permitting a multiplicity of shades of facial expression. Is it surprising that restoration of movement after total denervation with all the hazards of regeneration is far from perfect?
Facial expression involves complex reflex mechanisms, controlled or modified by the highest cortical centres. Sir Charles Bell wrote about the Philosophy of Expression or "the changes in the human countenance which accompany the exercise of the mind". Emotional stimuli produce spontaneous contractions of these voluntary muscles but spontaneous expression of emotion is variously controlled by age, education, race and temperament. An important consideration for our discussion is the possibility of acquiring control of spontaneous emotional movements.
The changes that occur in the limb muscles on denervation have been investigated in animals by Gutmann and Young (1944) and by means of muscle biopsy in man by Bowden and Gutmann (1945) . Nothing comparable has been done for the face but denervation is likely to give the same histological picture if not an exaggerated one because of the delicate character of the facial muscles. Shrinkage of the muscle fibres is associated with progressive increase of connective tissue, until ultimately all the muscle is replaced by connective tissue and fat and the changes then are irreversible. The rapidity with which wasting occurs in the facial muscles on denervation is obvious. There is frequently no galvanic response and no fibrillation in the frontalis when muscles in the other parts of the face are still contractile and this is associated with the failure of recovery of function in this muscle even when satisfactory regeneration of nerve occurs and adequate reinnervation of the lower part of the face follows. Levator labii superioris alkeque nasi often fails to recover because atrophy has become permanent. Figs. 1, 2 and 3 show that despite a fairly satisfactory return of emotional and voluntary movement to the lower face as a whole, voluntary efforts to wrinkle the nose are unsuccessful. This contributes to the general asymmetry of expression.
Other muscles whose permanent paralysis or weakness may mar the quality of the result even with good regeneration of nerve are those inserted into the upper and lower lips-this is very apparent in laughing where the complete relaxation of orbicularis oris gives an uncontrolled power to the other muscles which concentrate on the mouth (Figs. 4, 5 and 6). Again with good nerve regeneration there may be sagging of the lower eyelid causing epiphora and exposure of the sclera (Figs. 7, 8 and 9).
It is of course possible and indeed probable in some cases that owing to the hazards of regeneration (either of surgical origin or inevitable) that the number of regenerating nerve fibres reaching the muscles are insufficient or of poor quality so that many muscle fibres are never reinnervated. I am not to-day concerned with the surgical aspect of this problem but want to stress the muscle element and to point out that without suitable treatment progressive atrophic changes may not only become irreversible but may actually increase the difficulties of reinnervation as the empty Schwann tubes become embedded in connective tissue and incapable of receiving new axons or of becoming myelinated.
Muscle atrophy from disuse is increased by chronic overstretching which in the case of the facial muscles is brought about by the pull of the muscles of the sound side and by gravity.
There is another factor to be considered here: the skin into which the muscles are inserted. This stretching of the skin is particularly important in the elderly patient where the elasticity of the skin is already impaired.
Contractures show in the nasolabial fold and as a dimple in the chin, that is, in situations where the muscles are inserted into the skin though not in the corrugator supercilii region.
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There is no evidence that they are brought about by electrical treatment. Actual contraction of newly formed fibrous tissue probably plays no part in facial contracture; when fibrosis is maximal with permanent paralysis there is no contracture. Nor are the muscles permanently shortened; when the patient is relaxed the contracture disappears. Contractures and spasms of the face are probably due to the same phenomenon as synkinesia-branching or misdirection of axons. Disfiguring mass movements and deep contractures are more pronounced in patients with animated mobile faces. The only way to minimize their presence is to encourage the patient to cultivate an impassive face; to achieve this the patient is apt to become more self-conscious which may defeat the object of treatment.
THE ROLE OF PHYSIOTHERAPY The problem, therefore, in every case of denervated facial muscles-no matter how that denervation has been produced-is to prevent or diminish wasting and overstretching while the nerve is regenerating. There is conflicting evidence about the value of galvanism for the limb muscles but the experience of Gutmann and Guttmann (1942) with the rabbit and of Jackson and Seddon (1945) with the small muscles of the hand in man are I think applicable to the face. The important point that emerges from these investigations is that atrophy of muscle fibres particularly in small muscles can be minimized provided a good contraction is elicited and that the treatment is given regularly and sufficiently soon after denervation. The only value of galvanism is to maintain contractility of the muscle by producing contractions. In this way interstitial fibrosis though not prevented is minimized. This is even more important in the face than in the limb muscles as the action of the thin muscle fibres is easily overcome by increased formation of connective tissue.
Unlike the surgeon dealing with nerve lesions in the limbs we are not concerned with sensory loss, joint stiffness or associated vascular lesions. We have, however, the special problem of stretching of the skin because of the insertion of the facial muscles into the skin itself and the pull from the opposite side. Stretching of the skin can be controlled to a certain extent by methods used to prevent overstretching of the muscles. The conventional hook in the angle of the mouth attached to the ear defeats its object when the sound side contracts by over-stretching not only the orbicularis oris but the elevators and depressors inserted into it. The intra-oral splint originally advocated by Allen and Northfield (1944) and variously modified is a more rational support, which also preserves the nasolabial fold thus limiting stretching of the skin at this site. But this splint does not prevent the drooping of the lower lid nor the stretching of the nasal part of levator labii superioris and the muscles of the lower lip which are responsible for much expressional disfigurement even with good reinnervation. f commit these defects to your particular attention. Support by strapping is seldom effective, it interferes with galvanic stimulation and is ill tolerated during the months of denervation. A partial tarsorrhaphy, useful as an adjunct for masking permanent disfigurement in the late stages, does not prevent stretching of the lower fibres of orbicularis oculi during denervation. Plastic surgery by means of temporary slings of fascia or tantalum wire-if these could be inserted superficial to the muscles without interfering with reinnervation or producing scarring in the skin-would be more effective than any external mechanical support. I do not think we collaborate sufficiently on this problem. Prevention of wasting and stretching should be the concern of the specialist in physical medicine, the otologist and the plastic surgeon and we should not limit the latter to the palliative surgery of complete fibrous atrophy. Occasionally, too, a fascial sling in addition to masking the disfigurement of longstanding paralysis will allow partially recovered muscles to work at better advantage so that previously ineffective movement may become apparent.
Since atrophy is most rapid in the early stage of denervation treatment to limit wasting and stretching should be begun as soon as there is evidence of degeneration of the nerve. The need for an intra-oral splint is as urgent as an emergency operation. The patient should not wait for this as he has to wait for the supply of dentures. There are of course contraindications to the use of early galvanism, e.g. where pain in the face is a prominent feature in herpetic facial paralysis.
When insisting on the importance of early care of the muscles we should not forget facial paralysis due to head injuries, particularly when the paralysis is immediate and complete. Regeneration occurs in the majority of these but in many cases owing to the long period of denervation there is much wasting and stretching which never recovers. I do not need to say much about re-education except that the patient should be encouraged from the onset to restrict the movements of the normal side. Cooksey (1941) stressed the importance of avoiding exercises until reinnervation has occurred and voluntary movement is obvious. Unfortunately patients still come from all parts of the country who have been trying vigorously to move a completely paralysed face, grimacing with the sound side and 53 Section of Physical Medictne 751 increasing the stretching of skin and paralysed muscles. When the muscles have an adequate nerve supply, exercises in front of a mirror with the sound side controlled will improve their action. Exercise, however, cannot be a re-education of emotional movements and there is no evidence that this form of treatment can bring about a dissociation of action of muscles which from the mix-up of regenerated axons now work together.
Dr. John D. Spillane: All clinicians must have seen examples of Bell's palsy in which exposure to a draught of air clearly provoked the onset of the malady. I recall the case of an airman who fell asleep on a pile of kit in a plane during a wartime flight and was wakened by acute discomfort on the left side of his face and found a ventilator shaft not one foot above him, directing a stream of cold air at high pressure on to his face. He developed a Bell's palsy a few hours later. In such instances no one can deny that chilling of the facial nerve occurs. But in the majority of cases the history is either not definite enough about the possibility of some form of exposure or else it can be ruled out altogether. Were cold per se the deciding factor one would expect a greater incidence-both total and seasonal. Seasonal figures, however, show no great variation. I saw more cases of Bell's palsy during the hot summer of 1949 than during the recent-admittedly mild-winter months. Personal experience, of course, is often misleading, but we have all seen small epidemics of Bell's palsy. One new case is followed in a few days or a week by several others. In a small community it should not be difficult to keep a record of the incidence of the disease and of all those factors which, in epidemiological studies, have rewarded the researcher. What Pickles did in the field of infective hepatitis is urgently needed in the case ofBell's palsy. In a country district a physician holding one of the new regional posts would be in an excellent position to make such a study.
Instances of bilateral, recurrent, hereditary or familial peripheral facial paralysis seem to support the idea of a predisposing factor. This may be anatomical-such as a narrow facial canal-but there is little direct evidence of this. The spinal accessory is a purely motor nerve, of course, and it enters the neck through an aperture, but the latter is wider and less exposed and instances of idiopathic palsy of the spinal accessory nerve are rare (Spillane, 1949) . Bergstrom (1946) succeeded in curing a young woman of 35 who had had a Bell's palsy for fifteen years by decompressing the facial canal, which he found was constricted at one point. But there is another possibility. Most neurologists have seen examples of recurrent polyneuritis, with or without facial palsy. I have a patient who four times during the past thirty years has been bedridden with multiple symmetrical peripheral neuritis. He has made a complete recovery on each occasion and in two of them both facial nerves were completely paralysed. The facial nerve is especially liable to be affected in acute febrile polyneuritis, the cause of which is not known. It may be infective or toxic in character. It is unlikely that the factor predisposing to facial involvement in such cases is an anatomical one. In other forms of polyneuritis-such as diphtheritic or in beriberi-the facial nerve nearly always escapes. It seems, therefore, that involvement of the facial nerve depends not so much on its structure or position as on the special qualities of the attacking agent. There seems to be some tropic influence at work. Might not this be a virus?
When Ramsay Hunt (1906) correlated his experience and that of others on the association of herpes of the auricle and facial paralysis, he brought attention to bear on the question whether Bell's palsy itself might result from infection by the virus of herpes zoster. He concluded that the syndrome which has since borne his name resulted from the invasion of the geniculate ganglion by the herpetic virus. In his original cases the herpetic eruption appeared about the meatus but later other cases were recorded in which the rash developed 752 Proceedings of the Royal Society of Medicine 54 behind the ear, in the nose or on the palate, fauces or on one side of the tongue. He asserted that these areas must derive some sensory innervation via the geniculate ganglion. Only one case came to post-mortem and the geniculate ganglion was not examined. That the Ramsey Hunt syndrome is due to herpetic geniculate ganglionitis has thus never been proved. Facial palsy in association with trigeminal, occipital or cervical herpes with or without auditory symptoms has been reported on many occasions. They clearly indicate multiple neuritic lesions. Some years ago (Spillane, 1941) I reported a small outbreak of herpes zoster in which there was one case of combined facial paralysis and ipsilateral trigeminal herpes. During the epidemic, while 5 of the cases were in hospital, there occurred the only instance of Bell's palsy seen at the hospital for a period of nine months. He came from the same military unit as one of the zoster cases. Denny-Brown et al. (1944) have described a case of auricular and occipital herpes with palsy of the facial nerve which came to autopsy. They found a neuritis of the facial nerve without any damage to the geniculate ganglion and typical herpetic changes in the second cervical ganglion. From these and other studies we can infer that some of the various herpes zoster syndromes with paralysis of the facial nerve result from the concurrent involvement of two or more cranial nerves. The demonstration that the herpes virus can cause a peripheral mononeuritis -with or without involvement of the corresponding ganglion-certainly strengthens the view that Bell's palsy may result from virus infection. Serological evidence is meagre. Aitken and Brain (1933) found by complement-fixation tests that in the sera of 22 cases of Bell's palsy zoster antibodies were present only in 4.
Post-mortem observations on cases of Bell's palsy are very rarely recorded. Kettel (1947) was only able to collect four such references. In each case there was no sign of compression of the facial nerve in its canal or of inflammatory disturbance. There was striking degenerative change in the nerve itself-more marked peripherally. In considering the indications for the surgical treatment of Bell's palsy these facts must be borne in mind. Decompression of the canal is said to disclose visible swelling of the facial nerve in some 50% of cases (Kettel, 1947) , and how often have we read that on incising the nerve sheath the contents bulged forth as if under pressure. But anyone who has seen nerves exposed, as in the late war, will realize that the macroscopic identification of swelling and bulging of nerve bundles is no easy matter. Personal interpretations differ widely.
Whatever the cause of the lesion in Bell's palsy, we know that in the great majority of cases, variously estimated at between 75 % and 90%, it is completely reversible. But statistical estimates are of limited aid when we are confronted with a fresh case. Individual prognosis is difficult. The slighter the paralysis, of course, the better the outlook. And in the younger age-group the prognosis is brighter. It should not be forgotten, however, that in the young person symmetry of the face at rest does not mean that paralysis is not complete. As Bell himself wrote-"the features are duly balanced; but the slightest smile is immediately attended with distortion". In the older patient the experiences of life have left their mark upon the features. The furrows that appear are to a great extent determined by the dominant daily emotions and the resulting muscular tensions. When the skin ultimately loses its elasticity the lines are deep and fixed. But with facial paralysis they vanish and the side of the face sags in unsightly fashion.
While the paralysis is complete ipsilateral contractures do not develop. They usually make their appearance several months after the onset when recovery is beginning. They bring with them certain changes in the features of the patient. In the zygomatic muscles contracture may be marked. The elderly patient may welcome this development for it refashions the lost nasolabial fold and restores some symmetry to the face. But in the smooth face of the young person it brings to the appearance at rest the distortion that formerly appeared only with movement. These disfigurements, which can readily deceive the observer, are usually accompanied by spasmodic facial twitchings and associated movements of overaction. Smiling is attended by closure of the eye on the affected side. The zygomatics may pull out the corner of the mouth when the patient shuts his eyes. Tic-like clonic movements often can be reproduced at will by the patient.
These secondary disturbances are not simply due to electrical treatment as is so often reported. Prolonged faradism or galvanism may make matters worse, it is true, but their development may be seen in the absence of any form of treatment whatever. Starting some five or six months after the onset, these abnormal muscular movements and contractures may develop for a year or more and then slowly subside or become stationary. Contracture is often more permanent than clonic spasm or associated overaction. For many years the question of their origin being centrally or peripherally determined has been debated. Their frequent concurrence suggests that they result from one type of disturbance. Gowers (1888) questioned whether by constant stimulation of the facial nerve nucleus by attempts to move Section of Physical Medicine the face, changes might develop in the nucleus. Ballance (1934) claimed to have observed such changes not only in the facial nucleus but also in the pyramidal cells in the opposite rolandic facial motor cortex of monkeys in whom one facial nerve had been cut. But his former colleague Duel, and Fowler and Wolffe, disagreed (Fowler, 1939) . They examined his sections and concluded that the changes in the Nissl substance were artefacts. Earlier, Spiller (1919) had suggested that misdirection of regenerating axons accounted for these muscular phenomena. Horsley thought they bore no resemblance to movements of the face brought about by electrical stimulation of the facial motor cortex. Finally, Howe et al. (1937) showed that, experimentally at any rate, the abnormal movements accompanying regeneration of severed facial nerve fibres in the monkey were due to actual branching of axons at the site of injury. This brought about a functional association of facial muscles which were widely separated and which did not normally act in unison.
The development of the facial muscles has reached marvellous perfection in the white man. There is good evidence that the mimetic facial musculature, in contrast to that of the forehead, temples and occiput, is still evolving (Huber, 1931) . Power of facial expression may be greatly developed within the lifetime of an individual. A youth who finds he cannot frown without at the same time closing his eyes may, with practice, learn to contract his superciliary and glabellar muscles independently of others. The acquisition and gradual perfection of language must have had a decisive influence upon the evolution of what makes up, to use Bell's own words, "the Anatomy and Philosophy of Expression". Intimately attached to the skin and subcutaneous tissues, possessing no distinct fascia, these gracile slips of muscle are beautifully adapted to their needs. When deprived of nerve supply the ensuing disfigurement is due, not to muscle atrophy as is so often the case in other nerve lesions, but to loss of a fundamental means of emotional expression. The patient with Bell's palsy may tolerate an open watery eye or a tendency to bite his cheek at meals but he is disgusted and ashamed of the grimaces which replace the many subtle movements of normal features. No wonder, then, that everything possible should be done for him.
So far as f know the value of many of the commonly adopted measures for the treatment of an early case of Bell's palsy rests upon the claims of traditional usage and common practice. I doubt whether adequate proof of their worth is forthcoming. Warmth, a mustard leaf, radiant heat, massage and strapping have their advocates and in the majority of instances can do no harm. They may help the patient to maintain his morale. The splintage of paralysed muscles after injury to a nerve is of the utmost importance. It is not equivalent to mere immobilization but is intended to prevent stretching of the paralysed muscles by the action of gravity or by contraction of its antagonists. In facial paralysis the pull of the muscles of the unaffected side is often considerable and stretches the affected muscles. The points of origin and insertion of the latter can be approximated by the use -of various types of intra-oral splint or by the familiar hook in the corner of the mouth. But there is something to be said for the criticism that contraction of the muscles of the healthy side of the face will be more likely to stretch the paralysed fibres if the decussation of the orbicularis oris muscle at the corner of the mouth is fixed or actually held back by a hook (Pickerill and Pickerill, 1945) . Strapping up of the face, however, even when its sound physiological basis has been explained to a patient, has not, in my experience, been well tolerated. It has been discarded too soon for any estimate of its value to have been reached.
There is another aspect to the management of the early case of Bell's palsy which is important. The theories of the causes and nature of denervation muscle atrophy are numerous. The denervated tissue is certainly not inactive; it is actually hyperexcitable and its fibres exhibit fibrillation. Although the precise mechanism of the atrophy is not known there is now good evidence that it can be reduced by galvanic stimulation of the affected muscles. If from the outset they are made to contract daily they waste little if at all (Gutmann and Guttmann, 1942, and others) . Similarly recovery of a muscle during reinnervation is much reduced if the affected part is immobilized (Hines, 1942) . Galvanic stimulation of the paralysed facial muscles in Bell's palsy and the encouragement of active movements during the stage of recovery is sound practice. In a neglected case of Bell's palsy one not infrequently finds that galvanic stimulation at first produces no response but after a week or so the muscles may begin to contract and can later be made to do so quite vigorously. There seems to be no doubt that galvanism maintains the affected muscles in a healthier state. If the facial nerve is severely involved so that degeneration takes place and healing must depend on regeneration of the nerve and reinnervation of the muscles, then these processes are more likely to be successful if the muscles have meanwhile been maintained in a favourable condition.
Recovery in most cases begins in a matter of weeks and progresses satisfactorily to a perfect result. But if regeneration of the nerve is necessary then quite obviously signs of returning power will be delayed, progress may be halting and it will vary from case to case. The 753 754 Proceedings of the Royal Society of Medictne 56 result can scarcely be perfect. Nearly a year may pass before facial movements begin to return but two years from the onset of the paralysis recovery may be quite satisfactory. I have witnessed such a course of events yet know little of its incidence. Clearly, to help us decide this vexed question of surgical interference, we need more detailed evidence than this of the natural history of the affection.
Dr. Philippe Bauwens: The Electrodiagnostic Aspect ofFacial Paralysis From the electrological angle, the facial nerve presents a number of curious features which at first glance appear peculiar to it, but which on closer examination can, in certain circumstances, be shown to exist in other peripheral nerve lesions.
Historically, it is interesting to recall that Duchenne of Boulogne made observations on the territory of the VII nerve which led to the publication of his book on "The Mechanism of Human Physiognomy or the Electro-physiological Analysis of Emotions". It was, moreover, the first nerve to be subjected by him to the rigours of electrical stimulation to diagnostic ends.
It is in relation to paralysis that the most striking peculiarities of the facial nerves are observed. Particularly in the case of Bell's palsy do the course and the end-result present these apparent deviations from other peripheral nerve lesions.
As is well known,. in a Bell's palsy which remains complete in the third week after its onset, the final issue is unpredictable from clinical examination alone. Electrical investigations yield more information.
Erb evolved his well-known scheme aiming at a classification based on the responses to electrical stimulation carried out two to three weeks after the onset, and from this he claimed that the prognosis could be deduced.
If no alteration in excitability could be discerned, that is to say, if faradic stimulation of the nerve trunk and of the paralysed muscles elicited the same responses as on the unaffected side and the reaction to interrupted galvanic stimulation of the muscles remained brisk, then the paralysis was classed as a mildform which would recover in another two to three weeks.
Where reaction of partial denervation was observed, which meant that nerve conduction was decreased and was coupled with diminished reaction to faradic stimulation and sluggish response to galvanic stimulation, the condition was classed as a moderate form with a good chance of full recovery in six to eight weeks.
The presence of reaction of complete denervation in all muscles-that is, inexcitability to faradic stimulation and sluggish response to galvanic stimulation---onstituted the severe form and was considered of grave prognosis. If recovery occurred at 41 , it might take fronm six to twelve months and was almost invariably disappointing; contractures and paradoxical facial movements being frequent attendants.
Although this scheme has come in for some criticism, on the score of unreliability, at the hands of subsequent authorities, it is to be noted that these have rarely, if ever, contributed anything of value to supplement it or proffered an infallible scheme as a substitute.
To those who have experience of electrodiagnosis in all fields, it is perplexing, when it comes to a Bell's palsy, to see how differently the findings of a muscle test have to be interpreted and -how guarded the prognosis has to be in the presence of complete denervation.
Take the case of a lateral popliteal or radial nerve paralysis of sudden onset and clearly not due to anterior poliomyelitis or severe trauma. Reaction of complete denervation may 57 Section of Physi"cal Medictne 755 be observed, but the prognosis is not unduly grave unless there is some factor which makes it so-as for instance the knowledge that it has been caused by a traction injury or a Volkmann's ischemia.
To find an explanation for this difference in the outlook in both these cases, it is necessary to examine the processes which might account for Bell's palsy, and compare them with similar conditions in other peripheral nerves.
Bell's palsy is primarily an inflammatory condition of the connective tissues surrounding or supporting the nerve itself-therefore a perior interstitial neuritis and paralysis is due to the excessive pressure arising from exudates within the unyielding bony canal just inside the stylomastoid foramen.
The functions of a nerve subjected to pressures of varying degrees and duration are affected in various ways (Fig. 1) .
With moderate pressure, it loses its power of transmitting nervous impulses across the section subjected to the pressure, but it does not undergo any lasting histological modifications, nor do the muscles supplied by it do so (Fig. lA) . Moreover, the excitability and conduction of the nerve, distal to the pressure zone, remain unaffected. This local block is termed neuropraxia. With greater pressures, local axon discontinuity occurs and if this is maintained for some time, it is accompanied by axon degeneration distally (Fig. iB) . When this axonotmesis occurs, not only does the nerve lose its power of conducting impulses, but the muscles supplied by it exhibit alterations in the excitability and response characteristics epitomized as "reaction of denervation".
Excessive as well as prolonged pressure can produce even more serious damage by causing the destruction of the connective tissues of the nerve in addition to the axon (Fig. Ic) .
Although the reactions to electrical stimulation in this case are in every respect the same as in simple axonotmesis, the presence of a gap between the two portions of the nerve disturbs the repair processes when these are in a position to start.
Regenerating axons have to find their way unguided and unsupported from the central stump to the peripheral one. Even if unhampered by the presence of organized exudates, axons are unlikely to bridge the void and light upon their original medullary sheaths and reinnervate the appropriate groups of muscle fibres. Again, in the course of repair, some axons may bifurcate several times, thus forming an abnormally large motor unit with a diffuse action-possibly not confined to one muscle.
As the result of work carried out on peripheral nerve injuries during the two world wars, it has been recognized that a nerve lesion in discontinuity-or neurotmesis-unless repaired by accurate end-to-end suture, gives rise to neuroma and fibrous tissue formation and any recovery is disappointing (Fig. ID) . failure to obtain adequate regeneration; (b) cross reinnervation; (c) motor axons passing down sheaths previously occupied by sensory fibres and vice versa. The first (a) meant that a muscle or a group of muscles was too weak to be functionally effective, or to resist the action of normal antagonists.
The second (b) meant that the will to perform one movement produced a different one. This form of dysfunction was revealed by the electromyograph. It was particularly in evidence and disabling in the case of nerves supplying at once two sets of muscles with antagonistic actions-as with the ulnar nerve in the hand where the abducting and adducting muscles of the fingers are supplied by it; or with severe brachial plexus lesions where, for instance, the axons of the phrenic nerve may find their way to the muscles of the upper limb.
The third (c) merely spelt waste of regenerating axons. When traumatic neuromata are formed, irritation phenomena are not uncommon. As demonstrated by Kugelberg the threshold of excitability can be depressed locally to a point where nervous impulses are triggered off spontaneously.
In sensory nerves this causes pain. In motor nerves it produces spontaneous motor unit activity, which does not, however, trouble the patient unduly when it occurs in limb muscles.
The object of this digression into the realm of lesions of other peripheral nerves is to draw attention to some features capable of explaining those anomalies apparently peculiar to the paralysis of the facial nerve.
In facial paralysis of the severe type, recovery is frequently accompanied by contracture and paradoxical or mass facial movements which are identical to the phenomena just described as resulting from neglected nerve injuries with gross anatomical discontinuity. It begs the question whether the severe form of facial paralysis is not, in fact, a neurotmesis as distinct from a simple axonotmesis, with discontinuity occurring in the absence of obvious injury.
Generally the concept of neurotmesis is associated with an injury, but in this instance it would occur as the result of excessive and prolonged pressure over a substantial length of nerve trunk leading to ischaemic necrosis of all tissues in the fallopian aqueduct.
From the diagnostic point of view, the detection of a few intact motor units after two to three weeks in a Bell's palsy therefore becomes most important. If found, the inference is that the pressure inside the bony canal has not reached the degree required to destroy all axons and presumably the connective tissue would then escape gross damage and destruction.
Clinically, the presence of a few intact motor units is not easy to detect as these may be paralysed by neuropraxia. For the same reason, the electromyograph may fail to reveal any motor unit activity on volition, although it may detect a single motor unit which has chanced to escape altogether.
Electrical stimulation of the nerve trunk or the individual muscle motor points with faradic current may not reveal the presence of such intact motor units unless they are in sufficient numbers to produce a visible response in the muscles.
A combination of nerve-trunk stimulation at its exit from the stylomastoid foramen and electromyography should in theory reveal the presence of motor units which have not suffered axon degeneration.
If it were generally agreed that axonotmesis of all nerve fibres carried with it a grave prognosis, and that decompression at an early date was the only treatment which offered a chance of preventing the wholesale destruction of the nerve in the bony canal, then it might be justifiable to subject the patient, in whom other methods had failed to detect undamaged motor units, to this combined test under general anasthetic.
MANAGEMENT OF BELL'S PALSY FROM THE PHYSICAL MEDICINE ASPECT
Facial paralysis cases are referred to Physical Medicine Departments for three purposes:
(1) Electrodiagnostic and electroprognostic.
(2) Treatment of the paralysis.
(3) Treatment of the sequelk.
Early cases, seen within two weeks of the onset, are tested for nerve conduction three times a week. For this, the muscular responses on the affected and the unaffected sides are compared on faradic stimulation of both nerve trunks, with currents of comparable intensities. The rate of deterioration of the response on the affected side-or its absence-is of prognostic value.
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Section of Physical Medicine 757 (1) Electrodiagnosis and electroprognosis.-In cases seen about the third week, the affected side is tested first for nerve conduction, then for the threshold of the muscle response to currents of varying durations. When these threshold values are plotted as a graph, they give the intensity duration curve. The presence. of a sluggish response to currents of long duration is noted.
As pointed out, the detection at this stage of one or two motor units which have completely escaped damage or which have escaped with neuropraxia only is most important. As suggested earlier, there might be some justification for administering a general anesthetic and hunting for unscathed motor units while stimulating the facial nerve at its exit from the stylomastoid foramen. Whereas some motor unit activity on volition or on stimulation means that at least one axon has escaped damage with degeneration, fibrillation potentials at rest ( Fig. 2A) mean'that at least one motor unit is denervated. The earliest sign of recoverỹ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.
. . . ' . . p . . . . . . . . . . . after denervation is an electromyographic manifestation with distinctive features (Fig. 2B ).
It makes its appearance before any movement can be perceived or any change in the type of response to electrical stimulation can be observed. ft is easily distinguished from the electrical activity arising from motor units which have escaped damage or which have recovered from a temporary.incapacity (Fig. 2c ).
(2) Treatment of the paralysis.-It may be that it is too often taken for granted that all the damage to the nerve is done at the moment of the onset of the paralysis, whereas this should only be interpreted as an indication that the pressure in the bony canal has reached a pressure sufficient to cause neuropraxia. The further developments of ischxemia, and subsequent thrombosis leading to total necrosis, might possibly be avoided by decompression.
During the early stages of the paralysis, everything must be done to relieve pressure and congestion and to resolve inflammation. Counter-irritant measures-heat, ultraviolet light, &c.; depletion by making use of the anaphoretic effect of the direct current and the decongestive properties of short-wave, particularly when combined with the exhibition of iodine by mouth or injection, appear justifiable methods of treatment.
At later stages, when denervation is established, methods calculated to maintain the motility and mobility of muscles as well as the circulation should be instituted pending recovery. In order to prevent muscle stretching and to minimize disfigurement, a small plastic-coated hook can be fixed to the appropriate tooth so as to fit into the corner of the mouth.
With recovery, exercises and self-massage are substituted for the more passive treatments.
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(3) Treatment of the sequelw.-Contracture is probably not produced or aggravated by excessive treatment as thought hitherto. It is probably an expression of irritability of the nerve over the repaired section. If it is due to impulses originating spontaneously and rhythmically over this portion of the nerve and being translated into muscle contractions, then any measure calculated to raise the threshold of excitability should be tried. Encouraging results have been obtained at St. Thomas's Hospital with prolonged therapy with calcium chloride ionization to the ear and affected side of the face, and administration of a combination of calcium and calciferol by mouth. The improvements obtained have been subjective at first and eventually objective.
No therapy is at present of any avail for massive facial movements and paradoxical movements. This is not unexpected when it is appreciated that they are due to regenerating axons branching or reinnervating the wrong motor unit or even interacting with one or more neighbouring axons. The patient should, however, be made to exercise in front of a mirror in order that he may realize the extent of the movement produced and attempt to control this within the limits of his capacity to do so.
Much of the therapy suggested may appear based on very slender grounds, but one thing is certain, and that is that a sufferer with a facial paralysis will insist on treatment. If one does not treat him someone else will, and as a large percentage of these cases recover spontaneously, claims for cures will be made from the wrong quarter and for the wrong reasons. Moreover, a form of treatment which maintains a patient's morale, is not harmful and may do some good by maintaining muscle action, is not entirely without its raison d'etre or justification.
Dr. Bauwens showed photographic records of wave form obtained by means of the electromyographs (Fig. 2) .
To illustrate cross innervation, he showed a patient who had a brachial birth palsy and in whom action potentials related to the respiratory rhythm could be demonstrated electromyographically in the biceps. These stopped with respiratory arrest and were easily distinguishable from the action potentials obtained in the biceps on attempted flexion of the elbow.
